Although advances in water treatment technology have contributed to improved water quality at water treatment plants, treated water is not reaching consumer taps with the same quality.
INTRODUCTION
A great deal of research and development has been conducted on water treatment, and advances in water treatment technology have contributed to improved water quality at water treatment plants. It is, however, well known that water in a distributing main does not necessarily have the same quality, and is generally lower in quality, than the original treated water. In water mains, some suspended particles may be generated by precipitation of metals such as manganese or iron (Sly et al. 1990) ; from biological growth; by formation of rust owing to corrosion phenomena such as scale; or by the resuspension of accumulated deposits or precipitated metals, leading to the turbidity detected by consumers in tap water (Sly et al. 1989) . Gauthier et al. used a parallel filtration system to collect suspended particles in tap waters and then conducted mineral elemental analysis as well as gravimetric analysis of suspended solids (SS) retained on filters. They postulated that this type of characterization can be helpful in quantifying SS in a way other than turbidity assessment or particle counting (American Water Works Association 1999), providing information regarding treatment plant and distribution system performance. Using particle counter and elemental analysis of SS collected by filters, Inoue et al. (2004) analyzed the elemental compositions and particle size distributions of SS in raw, treated, and distributed waters in order to understand particle behavior during the water treatment and distribution process. They reported that percentages of organics and aluminum were higher after water treatment than before, and that total SS concentrations in distributed waters were higher than those in treated water, primarily owing to the increase of inorganics, including iron. They also reported that the carbon in the SS was mostly organic, and that the fraction of inorganic carbon was very low. SS in water flowing through a water main and its characteristics, however, has never been examined by withdrawing water directly from a water main without using a service pipe, etc. This paper describes methods of collecting water samples containing particles directly from water flowing through a main. The quantities and chemical compositions of collected SS samples were analyzed by elemental and gravimetric analysis, and the changes in SS characteristics with distance traveled, over time, and vertically in cross section were evaluated for the first time.
SAMPLING AND ANALYTICAL METHODS

Filters and filtration systems
Suspended particles were collected on inorganic and organic filters using a 6-or 8-line filtration system (Figures 1 and 2 ) with quartz membrane filters (QM-A, 0.6 mm nominal pore size, Whatman) and PVDF membrane filters (SVWG04700, 5 mm nominal pore size, Millipore).
The inorganic quartz filter type was selected for most analyses because of its negligible metal and organic contents. Prior to filtration, filters were rinsed with 0.1 N nitric acid and pre-combusted at 5508C in a muffle furnace for 6 h. The organic PVDF membrane filters were used for the analysis of silicon in retained SS. However, the organic membranes could filter less water than the inorganic membranes, and the ratios of filtrate volume for organic and inorganic membranes varied from 30 to 80%, probably depending on particulate sizes; thus silicon content measured using organic membranes could not be directly compared with other contents measured using inorganic membranes. Owing to the large filterability difference between organic and inorganic membrane filters, data for silicon were not substantially used in the results and discussion. The filters were placed in the filter holders (PP47, Toyo Roshi Kaisha, Ltd., Tokyo) and the filtration system was connected to a fire hydrant or a stainless steel tube inserted into a street water main (Figures 1 and 2 ) and water flowing through the street water main was sampled directly (not through a service line), thereby minimizing the effect of detention in service pipes on water quality.
Sampling Method 1, using a fire hydrant (Figure 1 with a single water withdrawal and usually in the daytime, the ratios of the sampling flow rates to the flow rates in the water mains were less than 10%. These ratios are negligibly small when compared with the very large daily fluctuations in flow rates in a water main, and we assumed that the sampling activity itself did not affect the water quality in the water main. Following filtration, the filters were transferred to a crucible, dried at 1058C and stored in a desiccator until analysis.
Analytical method
Gravimetric analyses were conducted by weighing the filters after drying at 1058C and after combustion in a muffle rates, irrespective of whether the water mains were cementmortar lined or unlined. The ratios of FSS to TSS were also higher for the slow flow rate locations than for the higher flow rate locations. The ages of water mains in our sampling sites were between 10 -34 years old, but they did not have a similar age in each service area (water mains of different ages were laid even in the same service area, see Table 1 ).
Any clear relationship between SS concentrations and ages of water mains was not found. A possible reason for this was that the straight mains in the service area studied were all cement-mortar lined and most of the special fittings were all epoxy-resin lined, so that they did not yield corrosion products depending on their ages. A simple, monotonic increase in SS concentrations along the water main flow direction was not observed in service area NC. As shown in Figure 8 , SS concentrations increased once at site NC5, 2.92 km from the water distribution tank, and then decreased at NC3, after which concentrations increased with distance. As shown in Figure 10 , SS concentrations also increased at site NC5.
At site NC5, the increase in SS was caused by the increase in iron content, suggesting the production of corrosion particles there or immediately upstream. The percentages of FSS in SS also increased there (Figures 9 and 11) .
SS changes over time
At the NC5, samples were collected about every 3 h for about one day, and temporal changes of SS concentrations the special fittings at W2 were all unlined and thereby could yield more corrosion products.
Cross-sectional changes
Another interesting finding illustrated in Figure 13 
